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We, Pan Geo Atlas Corporation, a cor- 
poration organized under the laws of the State 
of Delaware, United States of America, of 
Post Office Drawer 14589, 7730 Scott Street, 

5 Houston, Texas, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 

10 lowing statement : — 

The present invention relates to well logging 
systems, and more particularly, to such systems 
wherein provision is made for energizing the 
system from the earth's surface while provid- 

15 ing a high degree of stabilization for the sub- 
surface unit during the logging operation. 

While certain arrangements have been made 
heretofore utilized for energizing the subsur- 
face unit of a v/ell logging system from the 

20 earth's surface, these arrangements have in 
general not been satisfactory in providing the 
required degree of stabilization of the electron- 
ic circuitry in the subsurface unit. In general, 
these arrangements have required a separate 

25 power supply, filter circuit and voltage regula- 
tion circuit in the subsurface unit to operate 
the electronic circuitry thereof under the ad- 
verse conditions, such as temperatures in the 
order of 200° Centigrade, which are experi- 

30 enced in deep bore holes. When transistors are 
employed in the subsurface unit, it could be 
desirable to energize these transistors and their 
associated circuitry directly from the earth's 
surface. However, when different lengths of 

35 cable are connected to the subsurface unit the 
voltage supplied to the subsurface unit would 
vary due to the voltage drop in the cable itself. 
Also, the cable may have leakage resistance 
between conductors or between conductor and 

40 sheath. Thus, if the cable has been patched 
many times or the insulation has been soaked 
in salt water, leakage resistance will dissipate 
part of the energy supplied from the earth's 
surface and the amount so dissipated will vary 

45 from^ne^able to another depending on the 



condition thereof. Furthermore, when the cable 
is operated at high temperatures, as during the 
logging operation, this leakage resistance will 
change which will in turn change the voltage 
supplied to the circuitry in the subsurface unit 
when the power supply is located at the earth's 
surface. 

It is, therefore, an object of the invention 
to provide a new and improved power supply 
arrangement for a well logging system wherein 
one or more of the above-discussed disadvan- 
tages of the prior art is eliminated. 

It is another object of the present invention 
to provide a new and improved power supply 
arrangement for a well logging system wherein 
a constant current source at the earth's surface 
is employed directly to energize circuitry in 
the subsurface unit. 

It is a furdier object of the present invention 
to provide a new and improved well logging 
system wherein facilities are provided for 
maintaining a constant chedk at the earth's sur- 
face of the actual voltage conditions in the sub- 
surface unit during the logging operation. 

It is a still further object of the present in- 
vention to provide a new and improved well 
logging system wherein power for the subsur- 
face unit is supplied from the earth's surface 
and means are provided for automatically 
maintaining the voltage actually supplied to 
the subsurface xmit substantially constant. 

It is another object of the present invention 
to provide a new and improved well logging 
system wherein power is supplied to the sub- 
surface unit over the same conductor employed 
to transmit the logging signal to the earth's 
surface and a pilot signal is also transmitted 
to the earth's surface and is utilised to main- 
tain the voltage in the subsurface unit substan- 
tially constant. 

It is still another object of the present inven- 
tion to provide a new and improved well log- 
ging system wherein a constant current source 
is eniployed at the earth's surface to energise 
circuitry in the subsurface unit and facilities 
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are provided for adjusting the value of con- 
stant current supplied to the subsurface unit 
and indicating the adjusted value of current 
at the earth's surface. 

5 The invention provides a well-logging sys- 
tem including a subsurface unit, a cable for 
raising and lov/ering said unit within a bore- 
hole, a measuring device within said unit and 
adapted to produce an electrical signal, a 

10 source of electrical energy at the earth's sur- 
face, means for supplying energy from said 
source over said cable to said subsurface unit, 
means for transmitting said electrical signal 
over said cable to the earth's surface, and 

15 means at the earth's surface utilising said elec- 
trical signal to produce a correspondmg log, 
characterised in that means are provided in 
said subsurface unit for developing an alternat- 
ing current pilot signal the frequency of which 

20 varies in accordance with the voltage supplied 
to said unit over said cable from said energy 
source, said pilot signal being transmitted over 
said cable to the earth's surface, and means 
at the earth's surface responsive to said pilot 

25 signal for developing an output signal accur- 
ately representing the electrical voltage sup- 
plied to said subsurface unit by said source. 

The output signal may be used as an indica- 
tion of the actual voltage conditions in the sub- 

30 surface unit, or, in the alternative, may be 
compared with a stabilised reference signal to 
derive an error signal which is employed auto- 
matically to adjust a constant current source 
so as to maintain the voltage conditions in the 

35 subsurface unit substantially constant despite 
wide variations in operating temperature while 
logging, length of cable employed and leakage 
resistance of the cable during the logging 
operation. 

40 The invention, both as to its organization 
and method of operation, together with further 
objects and advantages thereof, will best be 
understood by reference to the following de- 
scription taken in connection with the accom- 

45 panying drawing in which : 

The single figure of the drawing is a -sche- 
matic diagram of a well logging system em- 
bodying the principles of the present invention. 
Referring now to the drawing, the present 

50 invention is therein illustrated as comprising 
a cable 10 having a center conductor 11 and 
a grounded sheath 12, which is employed to 
transmit signals between the surface equipment 
shown above the horizontal dotted line in the 

55 figure and the subsurface equipment contained 
in a suitable housing and adapted to be raised 
and lowered within the bore hole by connection 
to the bottom end of the cable 10. The surface 
equipment comprises a D.-C. power supply 16 

60 across the output terminals of which tiiere is 
provided a filter capacitor 18. The positive ter- 
minal of the power supply 16 is connected 
through a small series resistor 20 to the center 
conductor 11 of the cable 10. The negative 

65 terminal of the supply 16 is connected to the 



collector of a current regulating transistor 22 
the emitter of which is connected through a 
resistor 23 and a variable potentiometer 24 to 
ground. In the subsurface unit the center con- 
ductor 11 of the cable 10 is connected through 70 
an output v/inding 26 of a measuring and pulse 
shaping circuits 28 to the upper end of a filter 
capacitor 30 the bottom end of which is con- 
nected to ground, i.e., the sheath of the cable 
10. . 75 

It will thus be seen that current provided 
by the power supply 16 flows through the re- 
sistor 20, over the center conductor 11 of the 
cable 10, through the coil 26 to the filter capa- 
citor 30, back through the sheath 42 of the 80 
cable 10, through the potentiometer 24 and 
resistor 23 and the emitter-collector circuit in 
the transistor 22 to the negative terminal of 
the supply 16. The voltage developed across 
the capacitor 30 in the subsurface unit is em- 85 
ployed directly to energize the pulse shaping 
circuit in the circuitry 28. Preferably, the cir- 
cuitry 28 employs transistors, in v/hich case 
the voltage developed across the capacitor 30 
may be of relatively small value in the order 90 
of 30 volts. 

In the subsurface unit, the measuring unit 
in the drcuitry 28 is arranged to produce a 
suitable electrical signal corresponding to the 
measured parameter or characteristic of the 95 
surrounding formations. This signal is prefera- 
bly a pulse type signal, although the measuriiig 
unit may form a part of either an acoustic 
or a radiation type well logging system insofar 
as the present invention is concerned. The 100 
relatively low voltage produced across the ca- 
pacitor 30 is arranged to energize a high vol- 
tage oscillator 38 which oscillator develops a 
relatively high amplitude oscillatory signal 
having a frequency in the order of 1,000 cycles 105 
per second. The output of the high voltage 
oscillator 38 is supplied to a high-voltage 
rectifier and filter circuit 40 wherein the alter- 
natmg current signal developed by the oscilla- 
tor 38 is rectified and is applied through a 110 
suitable high voltage regulator circuit 42 to 
the circuitry 28 so as to maintain the high 
vohage supplied to the measuring unit thereof 
substantially constant. 

In accordance with an important feature of 115 
the invention, the high voltage oscillator 38, 
which is energized from the relatively low_ vol- 
tage developed across the capacitor 30, is of 
the type wherein the frequency of the oscillator 
output signal varies in accordance with the en- 120 
ergizing voltage appearing across the capacitor 
30. Thus, as the voltage developed across the 
capacitor 30 varies, a corresponding change is 
produced in the frequency of the high ampli- 
tude signal developed by the high voltage os- 125 
cillator 38. This change in frequency, which 
may be relatively slight, does not affect the 
operation of the circuits 40 and 42 since the 
oscillator output signal is rectified in the cir- 
cuit 40 and is applied to the voltage regulator 130 
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42 without substantial variation due to a slight 
change in the frequency of the oscillator signal. 
However, this change in frequency of the oscil- 
lator signal is employed to produce a corr- 

5 spending pilot signal which is in effect a ripple 
component of voltage appearing across the ca- 
pacitor 30. To accomplish this, the value of 
the filter capacitor 30 is purposely chosen so 
that it does not provide complete filtering ac- 

10 tion with respect to the current drawn by the 
oscillator 38. Accordingly, during periods 
when the high voltage oscillator 38 is drawing 
current from the capacitor 30, the voltage 
across this capacitor will dip slightly. Since 

15 the oscillator 38 will draw current from the 
capacitor 30 on the peaks of both half cycles 
of the oscillatory wave, the pilot signal or rip- 
ple component developed across the capacitor 
30 will have a frequency twice that of the oscil- 

20 lator 38. Thus, the pilot signal developed 
across the capacitor 30 may have a frequency 
in the order of 2,000 cycles per second. 

Preferably, the high voltage oscillator 38 
comprises a pair of transistors which are inter- 

25 connected through a control transformer hav- 
ing a square hysteresis loop core in an appro- 
priate manner to develop a low voltage oscilla- 
tory signal of the required frequency. An out- 
put or step-up transformer is then employed 

30 to raise the voltage level of this oscillatory sig- 
nal to the desired value such that when 
rectified, filtered, and regulated, the resultant 
high voltage is suitable for energizing the 
measuring unit in the circuitry 28. By employ- 

35 ing such a magnetic coupled oscillator, the sa- 
turable core of the control transformer is effec- 
tive in that the transformer current will be 
the integral of the applied voltage and there- 
fore the time required to reach saturation cur- 

40 rent will be inversely proportional to the ap- 
plied voltage, as will be readily understood by 
those skilled in the art. Accordingly, the ap- 
plied voltage will determine the oscillator fre- 
quency. As the supply vohage across the capa- 

45 citor 30 increases, for example, a greater 
charging current flows through the control 
transformer with the result that the saturation 
point is reached more quickly, and hence the 
frequency of the oscillator is increased. Ac- 

50 cordingly, the frequency of the pilot signal rip- 
ple component developed across the capacitor 
30 varies in frequency in accordance with the 
unidirectional voltage developed across the ca- 
pacitor 30. 

55 While a suitably regulated high voltage is 
usually required when the measuring unit is 
a radiation detector, it will be appreciated that 
other types of well logging systems may not 
require regulated high voltage for the measur- 

60 ing unit in which case the low voltage output 
of the oscillator 38 may be filtered and used 
directly for the measuring unit. 

In tiie surface equipment, both the logging 
pulses appearing across the coil 26 and the 

65 pilot signal developed across the capacitor 30 



appear across the resistor 20 and are coupled 
to a differential amplifier circuit indicated gen- 
erally at 50. One output of the differential 
amplifier 50 may be employed as the logging 
signal output and in the case of a radiation 70 
logging system, is supplied to a suitable rate 
meter circuit wherein the logging pulses are 
employed to derive a unidirectional signal 
having an amplitude proportional to the rate 
of occurrence of these pulses, this output signal 75 
being applied to a suitable recorder, as will 
be readily imderstood by those skilled in the 
art. The pilot signal or ripple component, 
which it will be recalled has a frequency in 
the order of 2,000 cycles per second, is sup- 80 
plied from the other output of the differential 
amplifier 50 to a pilot signal detector circuit 
52. The detector circuit 52 may comprise any 
suitable frequency discriminator arrangement 
whereby a demodulated output control signal 85 
is produced which is correlated in amplitude 
with the deviation of the frequency of the pilot 
signal from a predetermined center frequency. 
For example, the discriminator in the detector 
circuit '52 may be set to a center frequency 90 
of 2,000 cycles per second, in which case the 
detector circuit 52 will have no output signal, 
or a balanced output signal in the event of 
a push-pull output circuit, when the pilot sig- 
nal transmitted to the earth's surface has a 95 
frequency of 2,000 cycles per second. How- 
ever, when the frequency of the pilot signal 
mcreases to say 2,005 cycles per second, the 
detector circuit 5'2 produces a positive xmidir- 
ectional control signal of predetermined mag- 100 
nitude and conversely, when the frequency of 
the pilot signal decreases to say 1,995 cycles 
per second, the polarity of the output signal 
developed at the detector circuit 52 will be 
reversed and of a corresponding magnitude. 105 

Since the pilot signal is continuously devel- 
oped in the subsurface unit, the output of the 
detector circuit 52 may be employed to pro- 
vide an indication at the earth's surface of the 
actual voltage conditions existing in the sub- 110 
surface unit. To this end, a selector switch 54 
may be employed to connect the output of the 
detector circuit 52 to a suitable indicating 
meter 56 so that the operator of the logging 
system is readily informed of the actual vol- 115 
tage conditions in the subsurface unit. Prefera- 
bly, the indicating meter 56 is calibrated in 
terms of the actual conditions existing in the 
subsurface unit, and the meter 56 is a zero 
center reading meter. Thus, if the normal vol- 120 
tage developed across the capacitor 30 is 30 
volts, the meter 56 will be calibrated to a 
center reading of 30 volts and proportionately 
higher and lower readings about this center 
wiU correspond to changes in frequency and 125 
polarity of the pilot signal in response to a 
predetermined diange in voltage within the 
subsurface unit. 

■Considering now the arrangement whereby 
the current supplied to the subsurface tinit is 130 
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maintained substantially constant and may also 
be automatically controlled in accordance with 
the actual voltage conditions existing in the 
subsurface unit, there is provided at the earth's 
5 surface a reference voltage source 60 which 
is arranged to provide a highly stabilized refer- 
ence signal at the output thereof. For example, 
the reference voltage source 60 may comprise 
a suitable Zener diode voltage or current re- 

10 gulator or other highly stabilized source of ref- 
erence signal. The reference signal from the 
source 60 is supplied to a signal comparison 
circuit 62, and in addition, the voltage devel- 
oped across the resistor 23 and the potentio- 

15 meter 24, due to the above-described current 
flow through these elements, is also supplied 
to the input terminal 63 of the signal com- 
parison circuit 62. The voltage appearii^ 
across the resistor 23 and potentiometer 24^ is 

20 compared with the reference signal in die sig- 
nal comparison circuit 62 which functions to 
derive an error signal proportional to any 
difference therebetween, this error signal com- 
prising a D. C. control signal which appears 

25 at the output terminal 64 of the signal com- 
parison circuit 62 and is supplied to the base 
of the transistor 22. This error signal is of 
the proper polarity to control conduction 
through the transistor 22 in such a direction 

30 that the current supplied to the subsurface unit 
is held constant. Thus, if the current flow to 
the subsurface unit increases, the voltage ap- 
pearing across the resistor 23 and the potentio- 
meter 24 also increases, since these elements are 

35 in the above-described series circuit connected 
to the output terminals of the power supply 
16. This increase in voltage is applied to the 
signal comparison circuit and results in an 
error signal being applied to the base of the 

40 transistor 22 of such polarity as to cause the 
transistor 22 to conduct less heavily with the 
result that the current flowing to the subsur- 
face unit is returned to its original value. The 
current supplied to the subsurface unit is 

45 thereby maintained substantially constant irre- 
spective of any voltage drop produced in the 
conductors of the cable 10, since the variable 
which is being regulated is the current flowing 
in this conductor rather than any voltage drop 

50 produced per unit of length along the cable. 

The value of constant current can be adjust- 
ed by variation of the potentiometer 24. For 
example, if the potentiometer 24 is adjusted 
to provide less resistance in the circuit, the 

55 current flow through the cable and hence the 
voltage produced across the capacitor 30 in 
the subsurface unit will increase to a value 
such that the voltage applied to the terminal 
63 of the signal comparison circuit 62 is ahnost 

60 equal to the reference signal applied to the 
terminal 61. Furthermore, since the frequency 
of the pilot signal varies in accordance with 
the voltage developed across the capacitor 30, 
a continuous indication of the actual voltage 

65 conditions in the subsurface unit is provided 



when the switch 54 is thrown to the position 
wherein the meter 56 indicates the output of 
the detector circuit 52. Accordingly, the opera- 
tor of the logging system can adjust the operat- 
ing voltage within the subsurface unit to any 70 
desired value and can monitor this voltage as 
the logging operation progresses. 

While the above-described constant current 
arrangement is effective to stabilize the opera- 
tion of the subsurface unit insofcir as changes 75 
in cable length are concerned, the situation 
may also occur wherein the leakage resistance 
of the cable varies, as described generally here- 
tofore. Such leakage resistance will effectively 
shunt a portion of the current supplied to the 80 
subsurface unit since this leakage resistance 
may occur between the center conductor and 
sheath at any point along the length of the 
cable 10. Accordingly, changes in leakage 
resistance, due to temperature variations, soak- 85 
ing in salt water, or other causes, will change 
the division of current between the electronic 
circuitry within the subsurface unit and the 
current flowing through the leakage resistance 
of the cable and hence cause a corresponding SO 
change in the operating voltage within the sub- 
surface unit. Also, the current drawn by the 
electronic circuitry within the subsurface unit 
itself may vary, with changes in ambient tern- 
perature or the like, which will have the effect '-^ 
of changing the operating voltage across the 
capacitor 30 since the above-described surface 
equipment functions to hold the current sup- 
plied to the cable 10 constant. This effect will 
be readily apparent when it is realized that 100 
a change in the impedance of this electronic 
circuitry will produce a change in voltage 
across the capacitor 30, since if the current 
is held constant and the impedance load 
through which the current flows varies, the 105 
voltage across this load impedance will vary 
correspondingly. 

The detected pilot signal, i.e., the output 
of the detector circuit 52 may be employed 
as an automatic control signal whereby the vol- 110 
tage developed across the capacitor 30 is main- 
tained substantially constant despite changes in 
leakage resistance of the cable, changes in cur- 
rent drawn by the subsurface imit circuitry, 
or other normally disturbing factors. More 115 
particularly, when the switch 54 is thrown to 
its upper position the output of the detector 
circuit 52 is supplied to another input circuit 
of the signal comparison circuit 62 and is 
therein compared with the reference voltage 120 
applied to the terminal 61 and the signal 
representing current flow in the cable applied 
to the terminal 63. If the voltage developed 
across the capacitor 30 in the subsurface unit 
changes, due to a change in the leakage resist- 125 
ance of the cable 10, or for any other reason, 
the frequency of the pilot signal will vary cor- 
respondingly and the output of the detector 
circuit 52, which is a unidirectional voltage 
or current, will also vary in a similar manner. 130 
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This means that the error signal developed at 
the output terminal 64 of the signal compari- 
son circuit 62 and applied to the base of the 
transistor 22 will adjust the conduction of this 

5 transistor to correct for the change in voltage 
condition within the subsurface unit. Accord- 
ingly, the voltage actually supplied to the oscil- 
lator 38 and the preamplifier and pulse shap- 
ing circuits 28 within the subsurface unit is 
accurately stabilized by means located at the 
earth's surface even though the cable length 
may vary or the leakage resistance of a given 
cable may vary during the logging operation. 
While the present invention has been illus- 

15 trated in conjunction with a single conductor 
cable system, it will be appreciated that this 
invention may equally well be employed in 
multi-conductor systems. In such systems, any 
two conductors of the cable may be employed 

20 instead of the conductor and sheath of the 
cable ilO. However, if both cable conductors 
are ungrounded, a suitable floating ground 
connection between the units in the surface 
equipment should be employed, as will be 

25 readily apparent to those skilled in the art. 
WHAT WE OLAIM IS : — 
1. A well logging system including a subsur- 
face unit, a cable for raising and lowering said 
unit within a borehole, a measuring device 

30 within said unit and adapted to produce an 
electrical signal, a source of electrical energy 
at the earth's surface, means for supplying 
energy from said source over said cable to said 
subsurface unit, means for transmitting said 

35 electrical signal over said cable to the earth's 
surface, and means at the earth's surface utiliz- 
ing said electrical signal to produce a corre- 
sponding log, characterized in that means are 
provided in said subsurface unit for developing 

40 an alternating current pilot signal the fre- 
quency of which varies in accordance with the 
voltage supplied to said unit over said cable 
frcrni said energy source, said pilot signal being 
transmitted over said cable to the earth's sur- 

45 face, and means at the earth's surface respon- 
sive to said pilot signal for developing an out- 
put signal accurately representing the electrical 
voltage supplied to said subsurface unit by said 
source. 

50 2. A well logging system as claimed in daim 



1, characterized by the provision of means at 
the earth's surface for indicating the value of 
said output signal. 

3. A well logging system as claimed in claim 

2, characterized by the provision of means at 55 
the earth's surface for varying the amount of 
electrical voltage supplied to said subsurface 
unit by said source, whereby the voltage sup- 
plied to said unit may be adjusted to a desired 
value as shown by said indicating means. 60 

4. A well logging system as claimed in either 
of claims 2 or 3, wherein said indicating means 
is calibrated in terms of the voltage actually 
supplied to said subsurface unit by said source. 

5. A well logging syst^ as claimed in any 65 
one of the preceding claims, wherein said 
source develops a unidirectional current which 

is transmitted over said cable to said subsur- 
face unit and means are provided at the earth's 
surface and responsive to said pilot signal for 70 
maintaining the voltage supplied by said 
source to said subsurface unit substantially 
constant. 

6. A well logging system as claimed in any 
one of the preceding claims, wherein there is 75 
provided a variable impedance device connect- 
ed between said source and said cable at the 
earth's surface, means for measuring the cur- 
rent supplied by said source to said cable, and 
means for controlling said variable impedance 80 
device in accordance with said measured cur- 
rent to maintain said measured current at a 
predetermined value, 

7. A -well logging system as claimed in claim 

6, wherein a stabilized reference source is pro- 85 
vided at tlie earth's surface, means for compar- 
ing said measured current with said stabilized 
reference source, and means utilizing the out- 
put of said comparing means to conlrol said 
variable impedance device. 90 

8. A well logging system substantially as de- 
scribed herein wili reference to and as illus- 
trated in the accompanying drawings. 

Agents for the Applicants, 
STANLEY, POPPLBWELL, 
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Chartered Patent Agents, 
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